ABSTRACT. In today's globalized world, humans and nature are inextricably linked. The coupled human and natural systems (CHANS) framework provides a lens with which to understand such complex interactions. One of the central components of the CHANS framework involves examining feedbacks among human and natural systems, which form when effects from one system on another system feed back to affect the first system. Despite developments in understanding feedbacks in single disciplines, interdisciplinary research on CHANS feedbacks to date is scant and often site-specific, a shortcoming that prevents complex coupled systems from being fully understood. The special feature "Exploring Feedbacks in Coupled Human and Natural Systems (CHANS)" makes strides to fill this critical gap. Here, as an introduction to the special feature, we provide an overview of CHANS feedbacks. In addition, we synthesize key CHANS feedbacks that emerged in the papers of this special feature across agricultural, forest, and urban landscapes. We also examine emerging themes explored across the papers, including multilevel feedbacks, time lags, and surprises as a result of feedbacks. We conclude with recommendations for future research that can build upon the foundation provided in the special feature.
INTRODUCTION
In the face of increased threats to sustainability around the world in recent decades, one of the central challenges faced by society is understanding and managing complex interactions between humans and nature. The Coupled Human and Natural Systems (CHANS) framework, also called social-ecological systems and human-environment systems frameworks, provides an effective means to characterize such interactions by providing a transdisciplinary approach to study complex systems (Liu et al. 2007a , b, Turner et al. 2007 , Ostrom 2009 . Such an approach is needed to tackle the increasingly complex global challenges of our time including biodiversity loss, climate change, deforestation, degradation of ecosystem services, disease spread, famine, and social unrest.
One of the central tenants of CHANS research calls for understanding feedbacks between human and natural systems. A feedback occurs "when a stimulus is fed back to its origin through one or a series of interactions" (Berryman 1989:231) . The term "feedback" originates from literature on electric circuits dating back to the early 1900s, when electric circuit loops were created to lead an electric output back to the input, resulting in either amplification or dampening of the signal (Bennett 1979) . Today, it is appreciated that feedbacks can involve many different types of stimuli aside from electrical signals, including any type of matter, energy, or information. The interactions that allow a stimulus to be fed back to its origin can also take on many forms, such as biological, chemical, physical, or social interactions. Examples of diverse feedbacks include pituitary gland function (Hill and Tasker 2012) , predator-prey cycles (Tirok et al. 2011) , and the stock market (Betton et al. 2014) . In fact, feedbacks are a part of many different disciplines such as electrical engineering (Vijay et al. 2012) , biology (Pokhilko et al. 2012) , computer science (Brun et al. 2009 ), finance (Betton et al. 2014) , political science (Hermann 2012) , management (Dahling et al. 2012) , and education (Boud and Molloy 2013) .
There are two main types of feedbacks, positive and negative. In this context, positive and negative do not refer to a value-based assessment of "good" or "bad," but rather to the type of change that takes place in the system. Positive feedbacks happen when a stimulus causes an amplification effect that reinforces change in the system after being fed back to its source. An example can be seen in some stock market dynamics, in which increases in investment in a given stock may result in further investments from other sources, which could in turn inspire progressively more investment and increase in value of the stock (Sentana and Wadhwani 1992, Betton et al. 2014) . In contrast, negative feedbacks occur when a stimulus causes a dampening effect that decreases or reverses change in the system after being fed back to its source. An example is the predator-prey cycle in ecology, in which an increase in predators causes a decrease in available prey, which in turn results in a decline in the predator population (Berryman 1992 , Tirok et al. 2011 . Positive feedbacks are often associated with system destabilization and negative feedbacks with system stabilization (Plahte et al. 1995) , but there are exceptions to this relationship (Cinquin and Demongeot 2002) . For example, systems with multiple stable states can be stabilized with positive feedbacks and systems experiencing long time delays in the return of stimuli to the source can be destabilized by negative feedbacks (Cinquin and Demongeot 2002) .
Another way to classify feedbacks is to characterize them as "tight" or "loose" (Levin 1999 ). The relative tightness or looseness of a feedback relates to the time lag in the system prior to the signal returning to the source. A tight feedback will involve a signal returning rapidly to the source, whereas a loose feedback takes place when a signal does not return to the source until after a long delay. Factors that can contribute to a time lag vary and include a geographical distance separating the source and destination or an institutional barrier preventing information flow in the system (Sundkvist et al. 2005) . The duration of a time lag can have profound implications on system dynamics because tighter feedbacks can result in more rapid changes in the system, whereas looser feedbacks can often result in surprising effects that are not anticipated after a long delay (Sundkvist et al. 2005 , Liu et al. 2007b ).
Despite advancements in the understanding of feedbacks in recent years, the majority of research on feedbacks has been http://www.ecologyandsociety.org/vol20/iss3/art17/ conducted on either the human or natural systems alone with little exploration of how feedbacks take place across human and natural components of complex systems because they are normally studied separately (Liu et al. 2007b ). The CHANS framework can help overcome this shortcoming by highlighting how feedbacks link both human and natural components. Using this framework, feedbacks normally studied in natural systems such as logistic population growth curves, climate cycles, and nuclear reactions can be studied alongside feedbacks normally explored in human systems such as innovation spread, economic booms/depression, and educational evaluation. Integrating such research could reveal additional complexity in coupled systems with new feedbacks emerging between humans and nature that have not been characterized before. Such an approach is needed to improve our understanding of coupled systems and in turn improve ability to predict outcomes of potential future scenarios that affect stability and resilience of a given system. The shortcoming associated with the discipline-specific nature of feedback research has begun to be overcome by recent studies on CHANS feedbacks (Rindfuss et al. 2008 , He et al. 2009 , Alberti et al. 2011 . Some researchers have explored the role of feedbacks in land-use change, in which human actors or institutions change behaviors in response to changes in availability or quality of land, which in turn shapes future land-use patterns (Lambin and Meyfroidt 2010 , Hersperger et al. 2011 , Meyfroidt 2013a . Other examples can be seen in research on the role of feedbacks in the management of human-nature interactions in global food production chains (Sundkvist et al. 2005) , the collapse of fisheries and fish habitat in response to overharvesting by humans (Altieri et al. 2013) , and the success of payments for ecosystem services (PES) programs for conservation (Huber et al. 2013) . Advances have also been made with respect to theoretical modeling, for example with understanding the contribution of human-nature feedbacks to system resilience (Bueno 2012) . Despite these advances, the research on CHANS feedbacks to date has largely been site-specific (Chen et al. 2010 . Integration across different types of systems and fields is needed to better understand underlying mechanisms driving CHANS feedbacks and how they can be used to promote sustainability in the future. We take the first step in this direction in a special feature entitled "Exploring Feedbacks in Coupled Human and Natural Systems (CHANS)."
EXPLORING FEEDBACKS IN CHANS
This special feature is one of the outcomes of a symposium entitled "NASA-MSU Symposium -Disentangling Diverse Drivers and Complex Dynamics of Coupled Human and Natural Systems (CHANS)" given at the 2012 U.S. Regional Association of the International Association for Landscape Ecology (US-IALE) conference in Newport, Rhode Island (8-12 April 2012). The symposium was attended by a diverse group of researchers and practitioners from fields such as anthropology, demography, ecology, and geography, who came together to share and synthesize emerging approaches in CHANS. One of the common themes that became apparent in the symposium was the recurring examples of feedbacks and cutting-edge methods put forth for modeling them. Attendees of the symposium expressed a need for a published collection of research on this topic, which would help to unify disparate ideas and approaches that have not been fully integrated to date. This special feature seeks to fill this gap.
The special feature contains a total of seven papers examining feedbacks in a variety of different CHANS. Approaches used to characterize human-nature feedbacks draw on methods used across diverse fields including anthropology, economics, landscape ecology, and sociology. Examples consist of theoretical modeling using information and entropy theory (Mayer et al. 2014) , tracking of environmental history records and identification of historical contingencies (Steen-Adams et al. 2015) , and agent-based modeling . Feedbacks are also examined over a wide range of spatial scales, from pixels to entire landscapes; organization levels, from individuals to institutions; and temporal periods, from seasons to decades. Papers also provide real-world examples and applications that inform management and decision making in CHANS around the globe. Examples comprise management of protected areas , habitat restoration (Morzillo et al. 2014) , and stormwater management (Shandas 2015) .
Despite differences across the papers with respect to the study areas and approaches used, the papers share a common thread in recognizing that explicitly accounting for feedbacks helps to characterize the complexity of the CHANS and provides guidance on how to better manage intricately connected humannature couplings in the future. Furthermore, by bringing these papers together as a coherent special feature, several key themes and insights came to light that help inform the nascent field of research on CHANS feedbacks. We summarize the CHANS feedbacks discussed in the special feature and then turn to examining several important topics, including (1) multilevel effects, (2) time lags, and (3) surprises arising from CHANS feedbacks.
OVERVIEW OF CHANS FEEDBACKS ACROSS LANDSCAPES
Feedbacks covered in the special feature occurred across three main types of CHANS characterized by agriculture, forest, and urban landscapes (Table 1) . Feedbacks in agricultural landscapes got to the heart of the complex human-nature processes governing how humans meet basic food needs. In some cases, humans abused and overused croplands and damaged soils, which later fed back to affect food security. Steen-Adams et al. (2015) discussed how increases in the size of farms in a tribal community resulted in a positive feedback of increased capital investment, increased intensification of agriculture, and in turn increased environmental degradation, e.g., soil erosion due to excessive irrigation. Farmers became trapped in a debt cycle and had difficulty keeping farms as family owned. Later on, soil erosion was reversed because of a negative feedback elicited by a wetland management program, which successfully reversed some of the earlier damage and discouraged overfarming. This type of negative agricultural feedback is not always manifested as a management measure because it could also be spurred by individual agents themselves if they change their own behavior in response to availability of agricultural resources. This occurred in Zvoleff and An (2014) in which households living in economically poor rural areas faced complex choices about how to maximize livelihoods. The authors found that households living in agricultural areas tended to delay marriage to maximize their opportunity to gain income via farming, an effect that decreased population growth and thus changed agricultural production over the long term. Wetland restoration spurred by soil erosion problems reverses degradation in croplands (Steen-Adams et al. 2015) . Availability of agricultural land causes delay in marriage, which promotes future decline in population and pressure on agricultural land .
Forest
Fire suppression destabilizes a system by causing fuel accumulation in forests (Spies et al. 2014 ).
Fuel load control stabilizes forest volumes (Spies et al. 2014 ). Development around private forestlands encourages future development by opening up markets and influencing landowner attitudes (BenDor et al. 2014 ).
Timber harvesting markets encourage fuel load reduction (Spies et al. 2014 ).
Maladaptive policies promoting logging cause poverty in an indigenous community, which prompts locals to sell their land, causing further logging and degradation (Steen-Adams et al. 2015) .
Urban
Maintenance of stormwater management infrastructure depends on stewards experiencing desired outcomes to encourage them to continue stewardship behavior (Shandas 2015) .
Installation of new stormwater management facilities designed to improve water quality is spurred by past degradation of water resources (Shandas 2015) .
Landowners appreciate wildlife presence in their yards and engage in habitat restoration to encourage future increases in wildlife (Morzillo et al. 2014 ).
Urban residents experience negative effects of rodents and initiate rodent control measures to decrease future rodent populations (Morzillo et al. 2014 ).
Some feedbacks discussed in the special feature took place in forest landscapes and explored complexities of human efforts to make use of forest resources to meet livelihood needs. Timber harvesting practices were not always sustainable, which not only harmed forest structure and forest quality but also fed back to threaten human livelihoods. For example, in Steen-Adams et al. (2015) , members of a tribal community experiencing poverty sold their forestlands to obtain short-term economic gains without considering the long-term ramifications. Poverty only escalated when the resources and land dwindled, but timber harvesting continued to increase by logging companies, further perpetuating the positive feedback cycle of degradation. Similarly destabilizing (positive) feedbacks resulted in fire-prone forestlands discussed in Spies et al. (2014) when managers imposed measures that were not adapted to the system in question. When fire suppression was imposed in some forests, this short-term management strategy resulted in increased fuel loads and greater fire risk over the long term. In contrast, adaptive and stabilizing (negative) feedbacks resulted when agencies or landowners initiated measures to control fuel loads, altering their actions over time as they responded to changes that they observed in forests on the landscape. Spies et al. (2014) also discussed how improved timber harvesting markets reduced fuel loads in fire-prone landscapes, thus stabilizing the system. Landowners were more likely to reduce fuel loads by harvesting if the market rewarded them for such activity. At the same time, landowner decisions may also be influenced by their neighbors and perceptions of the surroundings. For example, BenDor et al. (2014) discussed how the spread of urbanization in forestlands was often driven by development pressure via a positive feedback. In addition to creating new economic markets for development at fringe locations, increased presence of developed areas in their study area increased the propensity of forest owners to sell their land to allow for development because such changes harmed the owners' attitudes toward and value of the land.
Feedbacks taking place in urban landscapes were also explored in the special feature. Shandas (2015) describes a stormwater management program initiated to improve urban groundwater. He noted that in the initiation phase of the project, creation of management measures was part of a negative feedback. Institutions responded to the degradation in the drainage system by initiating policies to reverse the damage. However, maintenance of the stormwater system in a later phase required a constant positive feedback on the part of the residents, in which individuals in the communities needed to experience changes in their natural environment and recognize the benefits of the stormwater system to help maintain it over the long term as stewards.
A different type of feedback that also took place in urban landscapes involved interactions between humans and wildlife, processes that highlighted complexities in conflicts and coexistence within a shared space. For example, some landowners invested considerably in creation of backyard habitat for wildlife, efforts that were made in response to observation and appreciation for wildlife presence, e.g., for birdwatching, and with the intended desire to increase such presence in the future (Morzillo et al. 2014) . On the other hand, negative human-wildlife feedbacks also resulted, such as when increases in wildlife pests, e.g., rodents, inspired direct actions by humans to eradicate pest populations (Morzillo et al. 2014 ).
These CHANS feedbacks explored in the special feature demonstrate the variety and complexity of human-nature Ecology and Society 20(3): 17 http://www.ecologyandsociety.org/vol20/iss3/art17/ interactions in coupled systems. Some commonalities can be seen across studies with respect to how a positive feedback can snowball in a system and create catastrophic effects (e.g., profound loss of forest in a tribal community, complete transformation of forests to urban areas) or how a negative feedback can reverse previous patterns of unsustainable resource use (e.g., restore wildlife habitat or reduce fuel loads in a forest). Similar mechanisms are at play in driving the different types of feedbacks such as limited resources threatening human livelihood and dampening resource extraction (e.g., land, water, or food), economic market forces dictating positive feedbacks by promoting the trade or utilization of a resource (e.g., sale of crops, land, or timber), or policies put in place as negative feedbacks by humans who wish to better conserve the resource in the future (e.g., stormwater management, fuel load control measures). However, perhaps most meaningful are the nuances we found in different manifestations of feedbacks across diverse CHANS.
MULTILEVEL EFFECTS
One of the interesting threads running through several of the papers in this special feature dealt with differentiating feedbacks occurring at multiple organizational levels in the CHANS. Two levels that were commonly discussed concerned agents in the human system, i.e., individual actors and institutions. With respect to individuals, several of the papers discussed the importance of direct experiences by individuals in shaping behaviors and in turn the feedback as a whole. For instance, Spies et al. (2014) noted that individual landowners who had personal experiences with periodic fires were more likely to participate in effective fuel control measures. Similarly, Morzillo et al. (2014) explored how individual experiences with wildlife pests had a major role in shaping the pest control measures taken by agents that change wildlife populations and habitats across the landscape. Personal experiences of improved stormwater also played a main role in maintaining stormwater management in Shandas (2015) . Differences in individual behaviors meant that the magnitude and intensity of the feedback varied over space in each example.
In contrast, institutions played more of a top-down role in shaping feedbacks. The role of institutions appeared in many cases to be dictated by the institution's responsiveness or access to information about the system. Several of the papers pointed out examples of institutions mismanaging systems, resulting in positive feedbacks that threatened the sustainability of the system, e.g., tribal governance dictating timber overharvesting in Steen-Adams et al. (2015) or top-down national policies supporting fire suppression across the U.S. in Spies et al. (2014) . This type of mismanagement often arose as a result of lack of or incorrect information about the system or a disconnect between decision makers and system dynamics. As such, authoritarian institutions often appeared to be more prone to promoting positive feedbacks than autonomous ones (Steen-Adams et al. 2015) .
Authors also pointed out successful top-down management examples with negative feedbacks achieving intended goals of reversing previous nonsustainable practices and in so doing improved sustainability in the system, e.g., adaptive management of forest fires in Spies et al. (2014) . The value of such negative feedbacks for sustainability is illustrated in Mayer et al. (2014) , who emphasized in their theoretical modeling work that a strengthening of negative feedbacks can make a system more robust and less vulnerable to collapse.
TIME LAGS
Another interesting topic that became apparent from the papers in the special feature was the role of time lags in the emergence and persistence of feedbacks. Time lags happen when a given effect does not emerge until after a long delay. Time lags inherently play a role in most feedbacks, simply because of the time required for the signal to return back to its source. The duration of the time lag may affect the nature of the feedback. Long time lags give rise to loose feedbacks and short time lags to tight feedbacks. For example, Zvoleff and An (2014) found that the feedback created from changing the timing of first birth of offspring in the household on land use was a loose feedback that did not emerge for several decades, probably because of the generation time required for offspring to mature. In this case, the feedback would not have been detected if the authors had limited their research to a shorter time frame. Time lags are especially relevant when taking a long-term historical perspective to investigating system dynamics, such as in Steen-Adams et al. (2015) , who found that a lag in human population decline in response to forest degradation destabilized the system and affected long-term dynamics of human-forest relationships.
Time lags can also depend on the frequency of the human-nature interactions in question. For instance, Spies et al. (2014) explored human-nature interactions involving wildfires, which were relatively infrequent at any given location. Therefore, the long time lag and loose feedback between fire control measures initiated by humans and response of nature to these changes prevented individuals from seeing the value and effectiveness of such measures, thus discouraging the agents from learning about and reinforcing the feedback in the future. On the other hand, time lags that occur in conjunction with sustained human-nature interactions involving a repetitive series of consecutive feedbacks can give individual agents a longer duration of time to gain experience with the stimulus in question and improve their response to the stimulus in the future. This was the case for residents of an urban stormwater project who were more likely to want to engage in stewardship of the project after it had been in place for some time because they experienced desirable effects as a result of the ongoing tight feedback between their actions and the resulting consequences (Shandas 2015) .
SURPRISES
Another common refrain throughout the papers contained in the special feature was that feedbacks can cause surprises to take place in a system. For example, Morzillo et al. (2014) discuss the phenomenon in which backyard habitat restoration initiated by humans in response to wildlife presence can not only cause a positive feedback with increases in bird populations, but can also increase presence of nontarget, and sometimes unwelcome, animals such as bears. This unintended consequence can in turn promote negative feedbacks in the future if humans retaliate in response to unwanted bear population increases. This observation highlights the complexity of CHANS and the importance of a holistic approach to understanding and managing a given system to attempt to anticipate such surprises.
Long-term studies and appreciation for the history of a system are also needed to better understand disturbance events that are often difficult to predict. Disturbances can occur unexpectedly and can impact feedbacks, in turn irrevocably altering future system states. Steen-Adams et al. (2015) refer to these as http://www.ecologyandsociety.org/vol20/iss3/art17/ "historical contingencies" and give several examples, such as fire, labor shortages, and abrupt and ill-conceived policy shifts. Other examples include climate change, extreme weather events, and species invasions, e.g., pine beetle discussed in Spies et al. (2014) and blister rust in Steen-Adams et al. (2015) . These findings highlight the need for researchers to take a long-term approach to understanding feedbacks and for managers to take an adaptive approach to implementing feedbacks as new changes arise.
FUTURE DIRECTIONS
This special feature makes a contribution to understanding and modeling feedbacks in CHANS, but more is needed to be done in the future. Areas for future research could take on the task of identifying key CHANS feedbacks in other types of landscapes aside from those we examined here, which would allow for a broader understanding of the diversity of feedbacks possible in coupled systems. In addition, several new methods that were proposed in the special feature to measure and model feedbacks in a particular system should be further tested on other systems. Examples include the entropy indices proposed by Mayer et al. (2014) , the agent-based model for fire management adopted in Spies et al. (2014) , and the conceptual framework for humanwildlife conflicts advocated by Morzillo et al. (2014) . CHANS research as a whole can benefit from cross-site synthetic work that seeks to identify common patterns and generalizable traits of such complex systems (Carter et al. 2014 ).
The papers also provide guidance on specific topics to pursue in future research. Spies et al. (2014) highlight social networks as one mode in which information could be spread among agents in a system, which could potentially tighten a feedback loop. Further research is needed to explore this idea, specifically with respect to which types of networks promote system stabilization. Adaptive management is another theme raised in several papers (e.g., Speis et al. 2014 , Steen-Adams et al. 2015 that is intricately linked to feedbacks because learning and changing management strategies over time can also tighten feedbacks. However, little is known about whether such changes alter magnitude of feedbacks and whether new feedbacks emerge from such changes.
New frontiers of CHANS feedback research should also examine interactions among different types of feedbacks in a single system, across different spatial scales and organizational levels, and among multiple CHANS in different parts of the globe via telecoupling processes, i.e., socioeconomic and environmental interactions over distances (see Liu et al. 2013 , 2015 , Liu 2014 . We hope that this special feature will inspire further research on CHANS feedbacks to better understand and model CHANS and to tackle complex global challenges.
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